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The authors approached the problem of cuta-
neous neurohistology in an attempt to demon-
strate the histological character of the "itch
point" in human skin (1). Methylene blue was
chosen because it was the only dye which had
been used for making the thick-section, large-area
preparations needed to show the nature of the
nerve structures underlying the phenomenon of
punctate sensation. The in vivo technies of Wed-
dell (2), Dastur (3) and Jayaram (4) were fol -
lowed.
However, it was soon found that while part of
most preparations was well stained, inconsistency
of staining was to be expected throughout much
of the preparation. In addition, many other struc-
tures were found to take the dye, interfering with
the visualization of nerve. The injection of dye
into the skin also made the procedure undesirable
for general use with patients.
Other methods were studied or tried in an effort
to avoid the faults of inconsistency, lack of
specificity, and dye injection in the living subject.
Unfortunately, no staining method was found to
be specific for nerves alone. Silver and gold
impregnation methods can stain many structures
including reticulum as well as nerve. Nonidez
(5, 6) has convincingly objected to some silver
teehnics on these grounds. Both methylene blue
and impregnation technies can stain dendritic
cells, as does the acid hematoxylin method used
by Richter (7). The new cholinesterase technic
(5) lacks the definition of fine structure which can
characterize silver and methylene blue prepara-
tions as exemplified by Dogiel's classic illustra-
tions (9). Likewise, some silver technics adapted
to thick sections sacrifice the ability to stain fine
structure (10). Osmic acid and metal impregnation
methods designed to stain fine structures, on the
other hand, are limited to thin sections because
of the general background staining of epithelial
and dermal structures. In thin sections, where the
continuity of stained linear structures with the
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rest of the nervous system cannot be followed, it
is impossible to be certain that a nerve-like stained
segment is not actually reticulum or part of a
dendritic cell, or that accidents of sectioning have
not created false spatial relationships of nerve to
other structures. Thus, the thick section methods
possible with methylene blue seemed to present
the only way to avoid error in the identification
and location of nerve structures, while retaining
the ability to stain fine detail.
After considerable effort to improve the existing
in vivo methylene blue methods failed, this ap-
proach was abandoned and a deliberate effort
made to develop a new technic to fit these criteria:
1. Thick sections of tissue should be stained by a
simple and rapid in vitro method. 2. The method
should stain all the nerves in the section as con-
sistently and selectively as possible. 3. The technic
should have a firm technical basis.
A review of the literature of the technic, and the
chemistry and pharmacology of methylene blue
revealed a bewildering number of contradictory
facts, suppositions, and empirical alternatives.
Many of these were tried in an effort to produce a
practical staining method. Since little of this
information exists in collected form, it is presented
here for this reason and in the hope that interest
may be aroused in more basic study of the nature
of the thiazin staining process itself.
I: HISTORY OF TECHNIC
That many-sided investigator, Paul Ehrlich,
announced the discovery of methylene blue as an
intra-vital nerve stain in 1885 (11). He recognized
that methylene blue is an axon cylinder stain, and
described the disappearance of the color of the dye
under reducing conditions and its reappearance in
the presence of oxygen. He believed that an alka-
line medium was necessary for staining, and that
the nerve must be living (able to conduct). It is
characteristic of Ehrlich (12) that, having de-
scribed this remarkable phenomenon, he did not
linger to become a descriptive anatomist but tried
to answer questions about the chemical relation-
ship of the dye to the axon substance, and tested
its anaesthetic and therapeutic properties.
Anatomists, however, immediately exploited
his invention and technical knowledge developed
rapidly. Where Ehrlich had felt that the nerve
tissue must be stained in vivo, Apathy (13) specified
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the conditions under which excised tissue could
be stained: It must be fresh; it may be treated
with normal saline solution but it must not be
treated with glycerine, alcOhol, or heat. The
numerous recipes for injection and immersion
stains developed during this period, many of
which are collected by Bolles Lee (14), indicate
that the importance of time, dye concentration
and temperature control were quickly appreci-
ated. Strong solutions were soon abandoned, for
weaker ones were found to give more specificity
to the stain. Apathy established the reciprocal
relationship of dye concentration to staining tune,
and that staining time at a given dye concen-
tration must be varied to stain the nervous system
in different species. Physiological saline or Ringer's
solution were used for staining without reference
to pH. Apathy also used hypotonic salt solutions.
Finally other thiazin dyes were proposed since
Ehrlich had been able to stain nerves with thionin,
azure A and methylene violet. Toluidine blue and
thionin for example, were used successfully by
Harris (15).
As many different formulae were developed for
fixing as for staining. Ammonium picrate, intro-
duced by Arnstein (16) was the first satisfactory
fixing agent. Because of the hazard of explosion it
was soon replaced by iodides (16) and later by
molybdates first used by Bethe (17). Many fixation
additives were recommended: hydrochloric acid,
hydrogen peroxide, glycerine, osmic acid, and
ammonia (regarded as a differentiator). Bethe
thought it important to carry on fixation without
movement of the tissue. Permanent preparations
were washed with water, dehydrated with alcohol,
cleared in xylol and mounted in gums or balsam.
These early empirical methods, so productive
of original neuroanatomical description, were
followed by a series of attempts to overcome the
capriciousness of the technic by analytic study. In
the work of Schabadasch (18) following that of
Worobiew (19), a long series of dye injection
experiments in the intestinal tract of animals, old
concepts were systematically studied and new
auxilliary agents introduced. Regarding the
staining process itself as a physico-chemical at-
tachment of the dye to nerve, he theorized that
the reduction of part of the dye by the action of
the respiratory oxidation-reduction system of
nerve would adversely influence its electrical
staining properties. In support of this view he
found that adding another hydrogen acceptor,
such as resorcin, increased the staining properties
of methylene blue. He felt that the addition of
oxygen to the staining system was unnecessary.
Studies in which small quantities of phosphate
buffers were added to the medium, caused him to
conclude that various elements of the vegetative
nervous system stained best at moderately acid
pH (4.5—6.0). From experiments in which sugars
were added to the staining medium it was postu-
lated that the carbohydrate metabolism of nerve
was the decisive factor in the selectivity of stain-
ing. Mitchell (20) used Schabadasch's technic in
regard to pH and glucose, but preferred to combine
supra-vital with intra-vital staining. None of these
modifications, however, were employed by Feindel
et el (21), in their injection technic for the nervous
system in the rabbit. A careful review of Schaba-
dasch's immersion technic by Heller et of (22, 23)
resulted in a recommendation of an acid pH and
the addition of lactate and acetate, but denied the
value of glucose. These latter investigators did
not adopt resorcin or related compounds. Heller's
group also found that nerves could be stained
with methylene green, azure B, and (poorly) with
azure A, and that reduced methylene blue was
less effective than the oxidized form. Cole (24, 25),
studying the finishing process, felt that the ad-
dition of physiologic saline solution to the fixative
prevented distortion artifact, and that butyl
alcohol reduced decolorization during de-
hydration. Nelemans and Dogteron (26) studying
mouse and rat visceral innervation, preferred pH
6.9. They found staining unaffected by dextrose,
delayed by tartrate and pyruvate, and improved
by the addition of ethyl alcohol, urethane and
parasympathicotonics (chloral hydrate and
carbamylcholine chloride), and were the first to
recognize the harmful effects of procaine. Harris
and Peters (27) studied the difference between
reduced (rongalite) and oxidized metbylene blue
in staining muscle and nerve in earthworm body
wall. Under controlled pH and time conditions
they found that reduced methylene blue stained
best (maximally, not differentially) at pH 5, while
oxidized methylene blue stained best at pH 9.
They found that penetration of undamaged tissue
by reduced methylene blue was more rapid at low
PH, while oxidized methylene blue penetrated un-
damaged tissue poorly. They felt that in any tissue
an equilibrium of reduced-oxidized methylene blue
must occur and that both aerobic and anaerobic
staining may depend on the leuco fraction of the
dye.
Present-day histologists using methylene blue
in human skin seem to have rejected all of the
variations introduced by the analytic group in
favor of in vivo intradermal injection of moder-
ately dilute methylene blue in normal saline solu-
tion before biopsy. McGregor (28) introduced
hyaluronidase as a part of this technic. He found
the spreading factor reduced pressure distortion
and promoted even distribution of the dye during
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injection. It has been adopted and widely used in
combined histological-physiological studies by the
Weddell group (2) and for the study of the neuro-
pathology of leprosy by Dastur (3). The latter
author has reported equally good results with
simple immersion without injection, using local
anaesthesia before biopsy. A supra-vital technic
for skin has been described by Nagy (29). Using
novocainc before biopsy followed by a soak period,
the tissue is stained at 37° C in 0.01% mcthylcnc
blue in an alcoholized saline solution buffered to
pH 4.4 with veronal. Recently, Miller €1 al (30)
have stained the nerves in human skin from
surgical material by vascular injection or simple
immersion using saline methylcne blue without
pH control.
II: THE THIAZIN DYES
The thiazins are basic dyes of the quinone-
imine group, possessing in common the structure
of imino-thio-diphcnyliminc.
CL:YNH
The thiazins used in this study arc listed with
their paraquinoid formulae in Table 1. Staining
of human cutaneous nerve endings can be
achieved by our method with methylcnc blue,
azure B, toluidine blue 0, mcthylcnc green, and
(poorly) with azure C. While occasionally
TABLE 1
Thiazin Dye
1.) Methylcne Blue (Tetramethyl
Thionin)
2.) Azure B (Trimcthyl Thionin)
3.) Toluidine Blue 0 (Dimcthyltolu-
thionine)
4.) Mcthylene Green (Mono-nitro
Tctramethylthionin)
5.) Azure C (Monomethyl Thionin)
6.) Thionin
7.) Azure A (Dimcthyl Thionin)
S.) Methylcne Violet
Thionolin)
9.) New Methylcnc Blue N
(Dimethyl
Paraquinoid Formula
CR3 CH3
CR3
CR3 CR3
NSNERCR3
CR3
N—S—NR3Cl
CR3
CR3 NO3 CR3
\QQNECR3CR3
CR3N-NR
R2NS:NH2
CR3
CR3
CR3NyOCR3
CR3 CR3 CH3—CH3CR3—CR2
H" Cl
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preferable for special purposes, none of the
thiazines is superior to methylene blue for genera]
nerve staining and it is employed routinely by
us. For this reason the properties of methylene
blue will be described at length, while the reader
is referred to Conn (31) regarding other members
of the thiazin group.
Methylene blue (Swiss Blue, tetra-methyl
thionin, tetramethyldiaminodiphenylazthionium
chloride), color index No. 922, is available as a
double salt (the chloride of zinc and methylene
blue), as a thiocyanate, or as a chloride. The
double salt is a widely used commercial dye.
However, its toxicity (zinc) has led to the de-
velopment of a zinc-free chloride designated
Methylene blue Med. USP for intra-vital use.
Since both these salts contain water of hydration,
the thiocyanate, which contains none, is advan-
tageous for making accurate solutions. Grades
designated BS, B, BG, BB, "methylene blue for
bacilli", and "methylene blue rectified for blood
stains" are inferior to the USP grade in purity.
A methylene blue chloride certified by the Bio-
logical Stain Commission is also available.
Methylene blue is readily oxidized and com-
monly available "pure" samples invariably
contain some proportion of these oxidation prod-
ucts. Such oxidation occurs in both alkaline and
acid solutions (32). Thus, standing solutions, as
well as mixtures containing homologs of lower
methylation deliberately produced by action of
heat and alkali, may best be considered as
"polychrome methylene blue". Alkaline degen-
eration products include Azure B, Azure A,
methylene violet (dimethyl thionolin) and other
thionolins ending in thionol; the acid degeneration
series comprises Azure B, Azure A, Azure C, and
thionin. The Thionin group, (Methylene blue and
the Azures) in contrast to the thionolins which
are only slightly basic, and thionol which is
slightly acid, are all strongly basic dyes.
Methylene blue can stain (31,33) nuclei, mast
cells, plasma cells, Nissi granules, Rickettsiae,
Negri bodies, melanocytes, bacteria, bone
marrow, bone, cartilage, blood cells, mitochron-
dna, Paschen bodies, spirochetes, and, for which
it is hardly specific: the nervous system. In addi-
tion, it has received so much attention from
pharmacologists that more is known of its phys-
iological activity than of perhaps any other dye.
The chemical and pharmacologic properties
reviewed below have been selected for their per-
tinence to the problem of staining nervous tissue.
Methylene blue is supplied as dark green or
blue crystals of molecular weight 319.845. Its
absorption band lies between 5500—7000 A, with
a maximum at about 6650 A. Purity of dye
samples can be conveniently verified spectro-
photometrically; humps in the spectral curves
may be identifiable with the absorption maxima
of oxidation homologs. At 26° C., its solubility
in water is 3.55%, in ethyl alcohol, 1.48%.
Methylene blue reacts with picrate, sulfonate and
molybdate to form insoluble compounds. Also as
a cation, the dye is absorbed in significant quan-
tities on the silicate anions of glass.
Under suitable conditions, methylene blue will
accept up to three hydrogen atoms forming
reduced methylene blue (leucobase, methylene
white). Clark (34,35) and Harris and Peters (27)
have furthered knowledge of the reduced form
and its relationship to the oxidized dye, by
working out the relationships of electrical charge,
pH, salt concentration and dye concentration in
the oxidation-reduction system. The solubility of
the leucobase is extremely slight at alkaline pH
but rises to 0.0005—6 M at pH 3. Clark has
demonstrated that anaerobic solutions of hydro-
gen-reduced methylene blue are oxidized in the
presence of radiant energy of between 3400 and
4100 A (maximum at about 3800 A). Harris and
Peters have further shown that the concentration
of the undissociated leucobase decreases rapidly
below pH 5, existing predominantly as the
divalent ion below pH 4.
Methylene blue is one of the photodynamic
dyes (36) and is fluorescent. As such it possesses
the property of complete oxidation-reduction
reversibility in the presence or absence of oxygen
and a hydrogen donor. However, in the presence
of light and oxygen and in the absence of an
oxidizible substrate the dye itself may be irrevers-
ibly oxidized (37). Proteins are more readily
attacked by photosensitized oxidation than lipids,
and tyrosine and tryptophane molecules probably
provide foci for this action. The inhibitory effect
of serum albumin on the action of photodynamic
dyes is reviewed by Jirovec and Ziegler (38).
Glucose is partially oxidized by methylene blue
and hemoglobin is oxidized to methemoglobin.
Erythrocyte respiration is increased (39) twenty-
fold by the presence of methylene blue. Leuthardt
and Exer (40) have demonstrated that an initial
acceleration of the respiratory rate of liver mito-
chondria is followed by irreversible inactivation
of the respiratory mechanism.
Interesting pharmacologic effects connect the
dye with the nervous system. Methylene blue
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is a serum cholinesterase inhibitor (41), compar-
able to physostigmine in vitro and less active in
vivo. It has an atropine-like action (42) on the
parasympathetic system. Lorente de No (43)
finds that myelinated nerve fibers of the sciatic
nerve of the frog stained supra-vitally in situ by
the dye will survive and conduct impulses for as
long as 24—36 hours, and concludes that methyl-
ene blue has been incorporated into the chem-
ical structure of the nerve fibers. He reported
that the dye diffuse rapidly and evenly through
the epineurium (Lamellated sheath), not prefer-
entially at the nodes of Ranvier as had been
reported by Hess and Young (44), and that the
clumping of stained granules near the nodes as
well as preferential staining at the nodes was an
artifact of fixation. The unusual nature of the
staining medium he employed may account for
some of these results. Lehman (45), using mye-
linated motor nerves of the frog, demonstrated
that action potentials persisted much longer
(166 mm.) in nerves stained by toluidine blue
than by nile blue sulfate (24 mm.), Janus green
(6 mm.) or neutral red (75 mm.), and that nerve
viability increased with dilution of a given dye.
In these experiments stained granules were found
to appear near the node of Ranvier at the time
of termination of conduction (nerve death), and
not as a fixation artifact. Einarson and Krogh (46)
using gallocyanin-chromalum, found that an in-
crease in basophilia of nerve cells is related to
increased cell activity and abnormal neuronal
discharge. Noback (47), using toiuidine blue, and
Feindel et al. (48) with methylene blue, report
that staining of nerve in Wallerian degeneration
is metachromatic. However, Holmgren and
Rexed (49) observed that neither the axon cyl-
inder nor myelin of regenerating nerve stains
metachromatically with toluidine blue. A possible
explanation for the discrepancies is found in
Baker's view (50) that pure methylene blue is an
orthochromatic dye, and that any metachromasia
encountered in its use is due to impurities.
EXPERIMENTAL FINDINGS
The following technic for staining the nerves
in human skin is described in detail to permit
duplication in other laboratories. Table 2 specifies
the equipment and reagents used by us. Support-
ive data will be found in section II.
TABLE 2
Special Apparatus and Reagents
1. Razor blades (double edge, Gillette Blue Blades)
2. Handee Motor & Chuck, series 3000, Chicago Wheel & Mfg. Co.
3. Rotary biopsy punches, 4—7 mm. Pilling Instrument Co., Phila., Pa.
4. Isotonic sod.um chloride solution (Abbott)
5. Test tubes (13 x 100 mm.)
6. Long, blunt forceps with smooth jaws (length, 14' cm.)
7. Staining Solution (0.005% dye)
Distilled water (boiled to remove C02) 100 cc
Zinc free methylene blue (Matheson Coleman & Bell) 5 mg
NaCI (Merck, for Biological Work) 900 mg
0.3 N HCL 4-6 drops
Adding the dye before the NaCL facilitates solution. pH of the dye and NaCL is approximately
5.8. The solution is acidified with 0.3 N HCI until a pH of 3.0 is reached. pH is checked on a Beck-
man pH meter (Model G).
8. Fixing solution
Ammonium molybdate (Merck, ACS) 8 gm.
Distilled water 100 cc.
The solution is filtered before use.
9. Stoppered weighing bottles, 12 cc., 40 x 25 mm. (Arthur H. Thomas Co., Philadelphia)
10. "Yankee" No. 991 Machinist's vise (North Bros. Mfg. Co., Philadelphia)
11. Plexiglas 15" thick, cut to 7"x 1" to fit jaws of machinist's vise.
12. Acetone ACS)
13. Xylene (ACS)
14. Spencer 888 automatic clinical microtome
15. Spencer object clamp attachment
16. Spencer razor blade holder for rotary microtomes
17. HSR Microscopic Mounting Medium, xylene solution (Harleco, Philadelphia)
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I. Stain Technic—Directions
1. Anesthesia—Direct infiltration of the biopsy
area by local anesthetics is undesirable. The
biopsy technic described below are relatively
painless and can be used without anesthesia. If
local anesthesia must be used, blocking agents
should be infiltrated at such a distance that they
are not present in the biopsy tissue in appreciable
concentration.
2. Pre-treatment of Biopsy Site—The skin
surface should be sterilized with 70% ethyl alco-
hol, and allowed to dry. Topical ointments, if
present, should first be thoroughly removed with
carbon tetrachloride. The biopsy site is infiltrated
at mid-corium depth (no. 27 needle) with the
least amouat of NaC1 solution needed for pressure
blanching. This infiltration also provides some
pressure anaesthesia or placebo effect, and the
elevation of the skin facilitates the horizontal
section technic.
3. Biopsy—Biopsy procedure should be per-
formed immediately after saline infiltration, i.e.,
before blood returns to the biopsy site.
a. Horizontat Sections—The subject's skin is
held under tension. Using one-half of a razor
blade clamped in a needle holder, the skin is
sliced parallel to the surface with a sawing
motion. Although performed freehand, section
thickness can be well controlled to between 0.25
and 0.50 mm., after a little practice. Diameter
should be between 0.5 and 1.0 cm. Cutting the
sections into halves or quarters may improve
dye penetration. Tissues should be transferred
immediately to the pre-soak by dissecting
needle. Horizontal sections of more accurately
controlled thickness may be taken with the
Brown Dermatome (Zimmer Co., Warsaw,
md.).
b. Verticat Sections—The biopsy site should
be selected to avoid tendons, large nerves and
vessels. The skin is held under tension and a 4
to 7 mm rotary punch incision (51) is made to
penetrate to the subcutaneous tissue. The speci-
men is then quickly lifted by small toothed
forceps and snipped off by small curved scissors.
Gelfoam is applied to the wound and it is
covered by a pressure dressing. The cylindrical
specimen is placed, epidermis down, on a cork
block covered with filter paper moistened with
saline solution preparatory to sectioning. Held
gently with the tip of one finger, free-hand
vertical sections of about 1.0 mm thickness or
less are cut with a razor blade with a careful,
slightly sawing motion. The vertical section is
transferred immediately by dissecting needle to
the pre-soak.
c. Surgicat Tissue—The methods described
above f or cutting horizontal and vertical see-
tions may be applied to skin obtained abso-
lutely fresh from the operating room provided
local infiltration anesthesia has not been used.
Care must be taken that forceps, needles,
and washed glassware are not contaminated by
any contact with the fixing solution.
4. Tissue Presereation—S kin specimens are
transported in the pre-soak at room temperature.
Drying must be avoided.
5. Pre-Soek—Cut sections are placed in two
changes of 10 cc of NaC1 solution in open weighing
bottles at 25° C. for 10 minutes each (total time
20 mm.). Care should be taken to submerge them
with the needle. The solution is changed by
decanting the bottle and pouring in fresh solution.
6. Staining—Each section is transferred by
smooth forceps without blotting from the pre-s oak
to an open test tube containing 10 cc of the
staining solution, at 25° C. Care is taken to
submerge the section in the dye solution. The test
tube is not moved during the staining period. Each
test tube should contain only one piece of tissue.
This technic has been standardized so that
staining time is the variable and the success of
the procedure depends on control of this factor.
The optimal normal tissue staining time varies
between 30 and 50 minutes with 0.005% dye. If the
staining time of a given tissue (especially ap-
plicable to abnormal tissue) is doubtful, two
methods of control may be used. a) Using a hori-
zontal section cut in quarters or the several verti-
cal sections from one punch specimen, the staining
time of individual sections are set at intervals
throogh a possible time range. b) Again dividing
the biopsy material one or more pieces may be
observed under the microscope (10 X objective,
20 X oculars). Satisfactory visualization of stained
nerves in skin is only obtained if the sections are
blotted from the edge and then allowed to proceed
to extreme drying in air. Kept under observation
during a particular time when staining is expected,
staining can be seen on a test section and the pieces
not observed put in the fixative. Drying causes
irregular staining and sections so treated should
be discarded. If staining does not occur, do not
re-stain the section, but examine another section
at a later time. With Negro or dermatitic skin dye
at 0.01% strength may be necessary.
7. Fixation—The fixing solution (10.0 cc) is
placed in open test tubes in a test tube rack in an
ice bath. The fixing solution should be prepared
soon enough f or it to be in equilibrium with the
ice bath before use. At the end of the staining
period sections are gently removed by forceps
from the staining solution and dropped and sub-
merged with the help of a dissecting needle, into
the fixing solution after touching to filter paper.
The tubes may be transferred after 2 hours to a
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refrigerator at approximately the same temper-
ature. Fixation time should be at least 4 hours.
If the entire procedure is not to be done during
one day, fixation should be started late in the day
and ended early the following day.
8. Finishing—This entire sequence is carried
•out at 6—8° C. Liquids are employed in 10 cc
volume in closed weighing bottles. Sections are
transferred by smooth forceps, and care is taken
to avoid drying. Changes of the same liquid are
performed by decanting and adding fresh liquid.
The sections removed by forceps from the fixing
solution without blotting are allowed to stand in
two changes of distilled water for ten minutes each
(total time 20 minutes). Meanwhile, a tray of ice
is laid bottom up on the bench and plexiglass
slides are arranged on it. After the wash and with-
out blotting the sections are laid (cut side down
if they are horizontal sections) on the slides and
spread carefully with needles. The slides are then
stacked and put in the jaws of the machinist's vise
(pre-chilled in the refrigerator). Strong pressure
is applied and the vise and contents are returned
to the refrigerator for five minutes. The sections
are then carefully removed from the plexiglass by
needles without blotting and put into acetone for
three changes of 20 minutes each (total time 60
minutes). They are then touched again to filter
paper and transferred to xylol which is changed
once after 30 minutes. They may be mounted after
another 30 minutes or kept in xylol overnight or
longer. They must not he allowed to dry in air
while in organic solvents.
Sections are mounted in HSR mounting medium
and covered with No. 0 coverslips. A 20 gram
weight is pressed firmly onto the coverslip and
allowed to remain there until the medium has
dried. Clarity of the preparation improves during
the first several days in the mounting medium.
Slides prepared bythis method have been pre-
served for months without fading. However,
photographic recordings may be necessary since
fading does occur eventually.
9. Microscopy—The light source and condenser
must be in perfect adjustment. A frosted filter
should be employed; the condenser should be
racked up and its diaphragm fully open. Unless
these conditions of illumination are met thick
sections of skin will have the appearance under
the microscope of coarse yellow frosted glass
(collagen) and may obscure the nerves entirely.
Apochromatic lenses, a strong variable light
source, and green filters are useful.
10. Preparation of Serial Sections—The staining
and processing of tissue pieces is the same as
previously described for horizontal sections except
that the pieces are not pressed or mounted. The
stained unpressed tissue, in xylol, is placed be-
tween two halves of an ordinary glass slide in such
a way that one edge protrudes 1—2 mm. above and
parallel to the glass. The slides with the tissue
are then clamped in the mierotome object-holder.
A half razor blade in a razor blade holder is used
instead of the ordinary microtome knife. Cross
sections may be cut at 20 to 50 more .i in thickness.
The tissue should be wet with xylol throughout
the process. Individual sections are removed from
the blade by a dissecting needle and arranged in
order on a xylol-covered slide. When sufficient
sections have been cut the excess xylol is removed
by carefully tilting the slide on edge over filter
paper. Mounting medium is then added around
the sections and a coverslip gently applied.
II. Stain Technic: Experimental Observations
Histologic technics involve many successive
steps, every one of which affects the final result.
The introduction of more than one variable into
the sequence of steps makes it impossible to accu-
rately evaluate the final result. Since histological
results can only be evaluated by comparison,
control sections made by the then best standard
technic, must be made from the same tissue used
for testing. Unless otherwise specified, the obser-
vations below were made with methylene blue
on horizontal sections from the anterior mid-
forearm of white adult subjects, only the factor
concerned being varied.
1. Anesthesia—If the skin is infiltrated with 1%
procaine, pyribenzamine, or benadryl in saline
solution or distilled water 30 sec. 5 or 10 minutes
before horizontal section biopsy and the standard
procedure carried out, staining of excellent quality
can be produced. Results are the same when the
analgesics are also added to the dye solution in
1:1000 strength under pH control. There is some
tendency, however, to precipitation of the dye in
the connective tissue. Unfortunately, this effect
is so marked when the vertical section method is
employed as to contraindicate the use of local
anesthetics. The precipitation of dye appears to
be due to the elevated salt content of the tissues.
There is no competitive pharmacologic effect
between analgesics and the dye for the nervous
tissue.
2. Pre-treatment of Biopsy Site—Grease, oint-
ment and dirt adhering to the epidermal surface
cause optical effects obscuring the stain.
The vascular and nervous systems generally run
parallel in the skin. Blood cells unfortunately
have the same staining and differentiation charac-
teristics as nervous tissue by this method. The
presence of stained erythrocytes and leucocytes
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thus interferes with visualization of sensory as
well as autonomic nerve strnctures, however well
stained. This impediment can be demonstrated by
injecting a weak solution of histamine in saline
solution into the skin. When standard biopsy and
staining are performed after wheal and flare
formation, the cutaneous vessels will be seen
rather nniformly filled with stained blood elements,
although the vessels themselves have not been
stained. The stained nerves are obscured. The
purpose of pre-injection is to evacuate the blood
vessels by pressnre and for this purpose, biopsy
should be performed while blanching exists.
Blanching can also be achieved by vaso-con-
strictors such as nor-epinephrine, but pressure
injection is simpler and as effective.
Failure of staining may be due to the thickness
of the biopsy specimen. Best results are obtained
with horizontal slices of 250 to 500 M, and with
vertical sections of 500—1000 s thickness. Perme-
ability of the tissues to the dye is related to the
individual or area difference, and to tissne quality
as well as to section thickness.
3. Biopsy and Sectioning—Special tissne
sectioning methods had to be developed when it
was found that nerves would not stain by onr
technic in frozen sections of fresh tissue. Although
variations of freezing rate and the use of glycerol
were tried, frozen sections regularly failed to
stain. Like fixation, frozen section microtomy is
so convenient that the possibility of its inter-
fering with the staining of tissue tends to be f or-
gotten. Our special method for sectioning from
xylol is superior for thin (50 bi) serial sections of
unpressed fixed tissue. However, thick frozen
sections (50 M) may be made from small pieces of
stained and fixed tissue but these require pressing.
4. Tissue Preservation—Tissue sections pre-
served in 0.9% saline in closed weighing bottles
at 25° C. and at 6° C. before processing showed
irregularity of staining after 15 to 60 minntes of
preservation, although occasional nerves were
stained after as long as 48 hours at the low temper-
atnre. Drying of tissue also causes considerable
irregnlarity of staining.
5. Pre-Soak—Although staining may be com-
plete without this twenty minute step, it is
desirable for uniformity and completeness of
staining with the same technique in skin from a
variety of sites and individuals. Note that timing
here is important since after a 40 minute pre-soak
the staining is poor as well as irregular.
6. Staining—Nerves stain as well when the dye
is prepared in 1.35% as with 0.9% NaC1 solution.
In contrast, in salt concentrations of 0.45, 2.0 and
5.0% staining is poor; nerves do not stain when
distilled water is used alone. Pretreatment of
tissue in KOH (1:1000—1:100,000) prevented
staining. Tween 80 (0.01—0.1%), or benzyl alcohol
(0.1—0.5%) added to the staining solution caused
poor staining. Hyaluronidase (Wydase) 150 units
in 1 cc of 0.9% saline solution injected 20 mm.
before biopsy increased the rate of staining, but
caused staining of collagen and cellular elements.
Small quantities of glucose, resorcin and po-
tassium cyanide had no effect on staining.
The effect of pH was studied over a range of pH
2.0 to 9.5 (HC1, sodium bicarbonate, or NaOH)
at 0.5 unit intervals. Staining of good quality can
occur between pH 3.0 and 7.5. No staining occurs
at pH 2. We have chosen pH 3.0 because the stain
is most selective for nerves at this range. Here
only nerves, erythrocytes and some sweat gland
cells are stained. As the pH rises staining is more
rapid. For example in one experimental series at
0.005% dye strength, for 30 minutes, staining was
25% complete at pH 3.0, 100% at pH 5.9 while
overstaining occurred at pH 7.9. Also as pH rises
other elements stain: schwann cells, keratino-
cytes, melanocytes, vascular epithelium, fibro-
cytes and collagen, interfering with the visuali-
zation of the nerve axon; while overstaining and
staining of myelin or connective tissue about the
nerves replaces axon staining. Methylene blue
thus stains nerve over a large pH range, but pH
control makes it possible to include or eliminate
other cutaneous elements. The precise method of
achieving the desired pH is critical since
methylene blue in 1% potassium phthlate-tartaric
acid pH 3.0 buffer (Harleco), without NaCl, failed
to stain the nerves.
Table 3 lists the dyes tested by our technic.
No attempt was made to find a formula to fit
them individually. Discrepancies between our
results and those of Heller et at. (22) are probably
ascribable to dye, medium, subject and technic
differences. However, we are in agreement con-
cerning the variable staining efficiency of different
samples of methylene blue. It seems significant
that all of the thiazins with which staining was
not achieved were poorly soluble. Moreover,
methylene blue stained poorly in media in which
it was poorly soluble: i.e., at pH 2.0, at very
alkaline pH, in 2.0% and 5.0% NaCl, and in
phthlate-tartarie acid buffer. The three oxazins
used (galloeyanine, brilliant eresyl blue, and nile
blue sulfate) failed to stain nerve. The purity of
all dyes was checked spectrophotometrically.
Increasing dye concentration, pH, temperature,
or agitation of the tissue during staining shortens
staining time. The average optimal staining time
at a dye concentration of 0.01%, for example, is
about 10 minutes less than at 0.005%. Increasing
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TABLE 3
Azure A—Certified
Azure B—Certified
Azure C—Certified
Brilliant Cresyl Blue Certified
Gabbett Stain No. 2 Methylene Blue
Gallocyanine
Methylene Blue—Certified
Methylene Blue—Double Zn Salt
Methylene Blue Thiocyanate
Methylene Blue—U.S.P.
Methylene Blue—(Zinc Free)
Methylene Green
Methylene Violet—Certified
New Methylene Blue N
Nile Blue Sulfate—Certified
Polychrome Methylene Blue—Giemsa.
Certified
Polychrome Methylene Blue—Goldhorn.
Prepared with Commission certified
stain
Polychrome Methylene Blue—Terry.
Prepared with Commission certified
stain
Polychrome Methylene Blue—Unna.
Prepared with Commission certified
stain
Reduced Methylene Blue
Thionin—Certified
Toluidine Blue 0—Certified
Harleco
Harleco
Harleco
Matheson, Coleman &
Bell
Harleco
Eastman
Harleco
Harleco
Harleco
National Aniline
Matheson, Coleman &
Bell
Harleco
Harleco
Harleco
Harleco
National Aniline
Matheson, Coleman &
Bell
concentration, hoevwer, increases the degree of
staining of interfering structures, i.e., the use of
a weaker dye increases the selectivity of staining.
The weaker dye also slows the staining rate,
increasing the length of the period of optimum
staining, and so reducing the chance of error in
staining time. Staining, as observed by many
workers with methylene blue, is regressive, i.e.,
reaches a maximum and then declines. From the
harmful effects of prolonged pre-soaking and
from the failure of staining at low temperature
or with a very weak dye when a long staining
time would theoretically be required, it would
seem that simple exposure to fluid medium for a
prolonged time plays some role in regression.
We were unable to demonstrate any advantage
to staining at the "physiologic" temperature of
37° C.
Many workers have devoted much time and
attention to oxidation of the dye. We agree with
Heller that reduced methylene blue gives inferior
practical results. Since the concentration of ox-
ygen in solution increases as the temperature is
lowered, staining at lower temperatures would
seem to be advantageous for oxidation of the dye,
but exposure of our preparations to a saturated
oxygen atmosphere at 25° C during staining, did
not improve them. Oxidation of the dye may,
however, be essential for staining only in the
visual sense, and leucomethylene blue may well
play a key role in "staining" (27).
We were unable to demonstrate any effect by
Dye Manufacturer Results
No Stain
Axons and Myelin = purple; Col-
lagen = lavender; good
Axons = magenta; poor and ir-
regular
No Stain
Axons and Myelin = blue; poor
No Stain
Axons and Myelin = blue; fair
Axons and Myelin = blue; good
Axons and Myelin = blue; good
Axons and Myclin = blue; good
Axons and Myelin = blue; good
Axons blue-green; myelin = red;
fair
No Stain
No Stain
No Stain
No Stain
No Stain
No Stain
No Stain
Axons and Myelin = blue; fair
No Stain
Axons and Myelin = purple; good
Harleco
Harleco
Harleco
Harleco
National Aniline
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the following neuro-pharmacologic agents (con-
centration of 1—100,000 in both the pre-soak and
staining solutions), on the staining of nerves.
Atropine Sulfate
Doryl (Merck)
Epinephrine
Histamine Diphospate
Mecholyl Chloride (Merck)
Physostigmine
Pilocarpine HCL
Dye strength and stain time must he adjusted
to the individual's age and tissue, to diseased
skin, and especially to the adaptation of the
technic for the skin of species other than man.
Melanin interferes with visualization and perhaps
with the oxidation of the dye in negro and other
heavily pigmented skin.
The art of staining depends on experience of
what constitutes under- and overstaining, and
complete and incomplete staining. The staining
of intraepidermal nerves is a good criterion of the
completeness of staining of free nerve endings.
Since staining may be complete at some places
while not begun at others, a false appearance of
completeness is easily achieved if the tissue is
fixed too soon. Overstaining results in an exag-
gerated beaded appearance, eventuating in for-
mation of discontinuous droplets followed by the
disappearance of staining altogether. Overstain-
ing is usually accompanied by the staining of
collagen, cellular elements, hair follicles, seba-
ceous and cccrine glands, and the smooth muscle
cells. With this method, staining by dyes other
than the best grades of methylene blue causes
metachromatic staining of axons. We have not
observed metachromasia with methylene blue in
areas of axon degeneration. The worker must be
prepared to adapt method to staining problems,
and control results by judgment based on experi-
ence. It is easy to confuse artefacts of staining
with axon degeneration or incompleteness of
staining with nerve loss.
7. Fixation—When 8% ammonium molybdate
is added to a methylene blue solution either
colored or decolorized by sodium hydrosulfite, a
blue precipitate of methylene blue molybdate is
formed. This colored compound, formed during
fixation regardless of the reduced state of the dye,
seems to obviate any special measures for the
oxidation of the dye during or following the
staining process itself. The minimal fixation time
is about 4 hours. Cood results may be obtained
after as much as 18 hours fixation. Neither acidi-
fied nor more concentrated ammonium molybdate
solutions improved fixation, nor did the addition
of weak dilutions of H202. Precautions to avoid
vibration are desirable. If the tissues are agitated
during their first ten minutes in molybdate, little
or no damage is done to the stain, but agitation
for the first thirty minutes causes poor results.
Lowered temperature retards molybdate precipi-
tation of methylene blue in the test tube, and thus
the icing of the molybdate fixative apparently
prevents damage and artefact during the entrance
of sections into the cold fixative.
8. Finishing—Washing time must be long
enough to remove excess fixative from the tissue
(for transparency), but short enough not to wash
out the stain (results poor after 30—40 minutes of
washing). Pressing is needed to provide a smooth
optical surface for the section. However, excessive
pressing may cause separation of the epidermis.
It should he noted that the dehydrating agent
must not dissolve out the methylene blue molyb-
date which has been deposited on the nerve.
Accordingly we studied various compounds and
found methylene blue molybdate to be least
soluble in isopropyl alcohol. Butyl alcohol, ace-
tone, ethyl alcohol and cellosolve followed in
decreasing order. In testing, however, acetone
proved to be the most satisfactory because it
combines low solubility for methylene blue mo-
lybdate in the test tube with rapidity of de-
hydration. The higher alcohols have suitable dye
solubility characteristics but their slow de-
hydrating rate is disadventageous. We have been
unsuccessful with dioxane, and only partially so
with tetrahydrofuran.
9. Microscopy—With conventional transmitted
light microscopy the proper adjustment of illumi-
nation is critical. Finally, the combination of an
arc lamp light source from above (water or quartz
rod to lower the temperature) with the Zeiss
Opton Binocular stereoscopic microscope permits
a unique three dimensional view of the cutaneous
nervous system in situ in unpressed sections.
niscussiow
In these preparations the cutaneous nerve
endings are brightly and selectively stained
against a nearly clear background. The thiazins
are primarily axoplasm-staining dyes, coloring
the contents of the axon cylinders of both mye-
linated and unmyelinated nerves. Individual axons
can easily be differentiated within nerve bundles
in the corium and followed upward through their
branchings to their terminations in the epidermis.
"Beading", clumping of the dye in the axon cyl-
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inder, occurs early in the staining process, as
observed microscopically, and is not a fixation
or pH artifact. It is most noticeable in the super-
ficial nerve net near the epidermis, is rarer in the
autonomic network and absent in large myeli-
nated fibers. Myelin stains the same color as the
axon with all dyes except the methylene green
(myelin: red) employed by us. Such staining is
late and of low intensity. The axon stain is inten-
sified at the nodes of Ranvier of myelinated
nerves. If the pH of the dye medium is raised the
Schwann cells can be visualized.
From our analysis of factors influencing stain-
ing the lack of consistency which has plagued in
vivo methods seems to have resulted from:
1. The irregular concentration of dye caused
by injection and circulation factors,
2. Lack of pH and time control, and
3. Variable salt concentrations in the tissues.
As with any technic failures are possible. How-
ever, all known nerve structures of the skin and
its appendages: "free nerve endings", specialized
end organs, nerve endings surrounding the hair
follicle and intraepidermal nerve endings, as well
as the autonomic nerves of the arrectores pilorum,
vasculature and sweat glands can be stained with
the technic detailed above. The authors have tried
to present the parameters within which staining
can be achieved, and the criteria by which
results can be judged, rather than a dogmatic
method. It is hoped that this method will en-
courage new study of the cutaneous nervous
system.
The exact nature of the staining process, as
well as the substance stained in the axoplasm
remain uncertain. The endoplasmic reticulum as
well as mitochrondria are axon elements known
to be basophilic. Although staining depends on
the use of fresh nerve tissue, neurotropic drugs
were found not to influence the staining process.
The many other substances considered by some
workers to promote staining may have influenced
the process by their ionic rather than metabolic
effect. The low pH at which staining can occur
and the failure of potassium cyanide to inhibit
staining would seem to argue against the influ-
ence of metabolic activity on the process. "Bead-
ing", apparently a phenomenon which occurs
only in "unmyclinated" fibers, may be related to
the sol-gel changes in axoplasm observed by Flaig
(52). While our efforts have been confined to
development of a practical laboratory method,
the study of the relationship of the thiazins to
nerve tissue seems to be an interesting field for
basic research. The failure of cutaneous nerves
to stain after freezing suggests that the stain-
ability of the tissue elements can be profoundly
altered by freezing. Tissue preservation studies,
also suggest that a fresh tissue is best stained
immediately. Both of these findings indicate that
the use of absolutely fresh material may be the
only proper starting place for experimental his-
tology of any tissue component. The thick section
technic, highly applicable to the study of any
tissue having structural significance, seems also
to deserve wider application in the study of archi-
tectural and quantitative pathologic changes in
the skin.
SUMMARY
1. The history of the development of meth-
ylene blue as a nerve stain and its chemical and
pharmacologic properties are reviewed.
2. An in vitro thiazin technic adapted to stain-
ing the nerves in thick sections of human skin is
described.
3. The experimental observations underlying
its development are reported.
Photographs by Edward F. Glifort Jr.
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FIG. 1. This figure shows the method of taking a freehand horizontal biopsy. The site is first injected
with enough saline solution to produce blanching. The skin, held under tension, is then evenly sliced
off by half a razor blade held in a needle holder, using a slight sawing motion.
FIG. 2. This figure illustrates the method of obtaining vertical sections from a punch biopsy. The
tissue is held by the finger-tip, epidermis down, on saline-moistened filter paper on a cork block. Sec-
tions are cut freehand with a sawing motion of the razor blade, care being taken to maintain proper
orientation of the material.
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FIG. 3. This figure shows the method for pressing sections. On the right plexiglass slides are on the
ice tray preparatory to the arranging of stained and fixed tissue. The pieces are spread carefully by dis-
secting needles; horizontal sections being spread cut face down. After arranging, the slides are stacked
in order and pressed in the vise as shown on the left.
FIG. 4. The method for cutting thin vertical sections from unpressed horizontal sections in xylene
is illustrated. The unpressed horizontal section is placed between two glass slides in the object holder,
a small portion (cut to present a straight edge) protruding above the glass. Sections can then be cut
with the razor blade in the special blade holder. The tissue is kept moist with xylene throughout the
procedure.
136 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
FIG. 5. Figures 5—11 and 13—15 have been chosen to represent the results possible with our technique.
Photographs have been taken using a 10 X objective, 15 or 20 X oculars and a bellows-type camera.
The depth of focus, so important in photographing thick preparations, depends on the NA. of the ob-jective lens. A 10 X objective was found to give the maximum depth of focus with good definition,
without, however, being able to photograph all tbe nerves present throughout the thick section. The
figure shows, then, a part of the arborescent pattern of trunks, branches and free nerve endings in the
skin of the anterior forearm. (160 X, horizontal section)
I .
a
-,.i
'-_c''.
_4
-J
', :;_f;
t2d
-
' _'.
'A
S_i
+ -4'".
..
4....
FIG. 6. A preparation from the same areas as figure 5, but made by the vertical section technique.
The free nerve network is here seen from the side, rather than from above, illustrating the cone-shaped
pattern of trunks which arboresce as they proceed to the surface. (205 X, vertical section)
Fio. 7. A rather sparsely innervated hair follicle has been illustrated to show the group of elongated
"specialized endings" which runs parallel to the length of the follicle. The "free network" of finer end-
ings, some of which arise from large diameter fibers, can also be seen. (400 X, horizontal section)
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FIG. 8. A "specialized end organ" is shown originating from a single myelinated fiber which branches
to form finer fibers ending in arborescent leaf-like structures. Compare the staining characteristics of
the myelinated axon here, with those of unmyelinated axons in other figures. (705 X, horizontal section)
FIG. 9. A single portion of one eccrine gland secretory coil is shown. The eccrine gland cells are un-
stained. The coil is outlined only by the fine densely twining and branching autonomic nerve network.
(660 X, vertical section)
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FJG. 10. The innervation of the apocrine gland of the axilla is in sharp contrast to that of the eccrine
gland in Fig. 9. Single autonomic fibers follow the length of the apocrine secretory coils. While the gland
cells are unstained the gland is easily distinguished not only by its size but by its iron pigment which
appears bright yellow in these preparations. (320 X, vertical section)
FIG. 11. The autonomic nerves supplying part of one arrector muscle are shown as a finely beaded
branching network. In contrast to Fig. 12, stain time and pH control have here made it possible to stain
these nerves without staining the muscle cells. (615 X, horizontal section)
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FIG. 12. In this figure staining has been allowed to proceed to a point where the nuclei and cytoplasm
of the arrector muscle cells are stained. The nerve stain has "regressed", so that the result 15 now se-
lective staining of the muscle. Compare with Fig. 11. (585 X, horizontal section)
FIG. 13. The branching, finely-beaded autonomic nerve network surrounding small blood vessels is
shown at a point of vascular branching in the lower corium. By pressure blanching, and dye concentra-
tion and staining time control the nerve structure is stained without any staining of vascular cellular
components. (600 X, vertical section)
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FIG. 14. In this 50 u section, cut from an unpressed horizontal section by the method illustrated in
Fig. 4, two intra-epidermal nerve endings are seen arising from small trunks in the corium and pene-
trating by an irregular course between epidermal cells to end at the granular layer. A dark band of un-
stained melanin pigment marks the lower part of the epidermis as seen on the left. The melanocytes are
not stained. (750 X)
FIG. 15. A "T" formed by small nerve trunks in the upper corium shows the clear definition of in-
dividual axons. The irregular "beading" of the axons is characteristic of methylene blue staining of
unmyelinated fibers. Beading does not occur in myclinated fibers, although a narrow band of more in-
tense staining does occur at the regular intervals of the nodes of Ranvier. (1530 X, horizontal section)
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FIG. 16. This figure illustrates the staining of Schwann cells possible at higher pH and dye concen-
tration. Under these conditions the quality of the nerve fiber stain also changes. In contrast to Fig. 15
the individual axons are not clearly distinguishable. Myelin and nerve sheath staining has replaced axon
staining, giving the nerves a poorly defined ribbon-like appearance. (750 X horizontal section)
FIG. 17. In this figure some nerves appear well stained while others are stained only in part or not at
all. "Incomplete staining" means that not all of the nerve structures in a section are stained. The prog-
ress of staining is not uniform or gradual, some nerves are actually stained entirely at a stage when
others are not stained at all. Familiarity with what constitutes complete staining must he gained by
experience. This fault is largely due to improper stain time and tissue thickness control. (360 X, hori-
zontal section)
142
&
_0
• a
1'
S
N.
Y
'I •1
e iusiiiS -
I
FIG. 18. Thissection illustrates the clarity of detail with which fine free nerve endings can be stained.
On the right, however, a small unstained blood vessel containing darkly stained blood cells partially
obscures the nerve structures. Since PH, stain time, and dye concentration control fail to prevent blood
cell staining biopsy must be taken during pressure blanching so that these cells are absent from the
specimen. (750 X, horizontal section)
FIG. 19. This figure illustrates moderate overstaining of nerve. "Beading" has here proceeded to a
stage in which individual droplets are connected only by a thin thread of axon substance. It is no longer
possible to clearly define individual axons or the details of fine endings. The tissue was exposed to the
dye solution too long before fixing. (315 X, horizontal section)
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FIG. 20. This figure illustrates advanced overstaining. In many places "beading" droplets have
become entirely discontinuous and the axon is not seen at all. This type of overstaining occurs at lower
pH and should be ompared with the type of un-beaded ribbon-like myelin and sheath overstaining
occurring at higher pH, illustrated in Fig. 16. (525 X, horizontal section)
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